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£. ll$g3E8?XI:6tt. 

[ 6 ] Rj^-CHs T'J. 0 , Rs tf-CHz CH 3 T'* & . 

[ IS^ffl 7 ] R,3&*-NB, ,-T-ft & , f*«* 1 liK^'fb'a- 
ft. 

CIS^8] R 6 *i-NR 10 --C-J)O. Rio*'. ^WUT 
ff^7ieK«0-(b^ft. 

[ff^9] mm2%mr>tt.<$im<r)T? 
CiB^Jl 1 0 ] ft£Jf 3ie»^L£%<7M V5*?A 

[ mm 1 1 ] mm 3 i&s^b^wtf h u - •> a 

(lll)ttf*. 

[IffJjcH 1 2 ] IS-fb-^ftA^PPH^s-Tct'^r 5 /I 
§EK*Mfci^ft. 

[IS^Jll 3 ] IS-fk^ft^PPH^'i'inTSy^x- 

;nrrp/^{*f*T-* & £ t t -r 6 , IS*^ l o im 
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[ 1 4 ] fltffc^^HPPH-Gd (1 1 1 ) T S J 7 x - 

^dtpa-ca* <r t zmmt -r h . mtm i 1 ek^a:* 

ft. 

[ Iff 1 5 ] K-f L^^^7Vl^7' >jyi8^5Hd 
[M»g 1 6 ] BHt^tta^-r 'J * ? o 'J >^Gd(l 

1 1 ) r a y ^ x -;w)TPAaa«cT-*> & c t t 
[ iff 3c Jl i 7 ] iff 3<JS l 4 f ea^fc^cofiSS^r&T- 

y ^/U3- Cs=* >7M-^r a^X^/P 7i^"7^^t' FaSrL 

LT »J6"T £ ^ £ f# S XH ; &%)V<$> 

li:4-7^y7x x/M)TPA^ > ^ -tert- 7+)l<X. X tVI- 
t &KJES*T*^tert-:7f-;UT 5 -/ ^x-;UDTP^S 
i^£»6Xfi:HPTPAJ»HH*fc b U 7MoftIt £ 

[ n$ g 1 8 ] ms« 1 5 im^t&mcommx&T 

x^x/«*»«^4*/P^yBfc:jD*»«W-&XS; 
DTPA^y^-tert-y^;Uxx^;l/^ £RJK$-fr*Xg; 

U-^Afc*RBS-frTBffl<?>ft*Wt»6XB;Sr* 

[ macs 1 9 ] m^n 1 6 tm<nmm?&x $> -> t . 

i/)V?lVTV f £ HSrt#SXS;R^y-N-^*x 

^yvury y-is->f s Kfc^s^A^ho^K, t 

U^2Kffl 2 StSRJCSii:Tvic->?b Ho^w^f 
U5r^o»J^Sr»SXS;Rvic-^t Kn^rW^xy 

U ySrt#4XS;K7-ir h/^f'M^n'J yoy tvU 
x*tVI^£ * ^Sl^k^-f * Xg ; 

i^7-^r y * ? d y y t r s y 7x-^dt 

PA^ y * -tert- 7 tvIx X TV P t £ ^Jfc $ it h JM ; % 

ft**t»*xe;t*tr. tfliW^ 
[ Iff^H 2 0 3 MSA 1 2 IBB^^WKOBH^rffiT 

Jot, 

HPPHfc T S y t'*x^ £KJES£tfTf-*& 
HHPPH»^»t»iXS;BEe-&*i: b 'Jxf-;U£/9 > 

atxTFAfc*RiKs-e-Tf-3r-^*]K«»t&xe: a 



rs+*~}l< Z&L&m L fcKtt-&* t Sn ( II ) y*;un h 

TBfa^t-&**»*xe;t*tf. miE*a. 

[ iff^Ji 2 1 ] iff* Ji 1 2 sffi^t^^mm-mzx- 

h^x. 

HPPH-T 5 / y x x/W)TPA£ a-ft 1 11 In ( 1 1 1 ) t £SJC S 
*TWaofl:^«*»4XS;S:*tr. ffE^Tffi. 

[000 1] 

[«»0*-*-i«9IH«f] **SSti. 1999^12^23Bffi 
[0002] 

(mri) s^^^-^y^aB^affl^gi 

0. MWi«Btt>f*v. »teXrFy-^A(Gd(III)]«: 
[0003] -fl^Ifrcti. HR5S»ff«iftft»jSIWCfcK 

Ttnco&ftmm^mmnmxtfmmx'&zzbfr 

S*Mfc&tt (Witf, Z.D. Grossman &; S.F. Rosebroug 
h. Clinical Badioimmunoimaging, Grune S; Stratton I 
nc., 1988, CC0X«Oiattii*BflB J BlfflSt*aLix6fc 

— b{t£Wl (09^.tf, H.D. Burns, R.F. Gibson, R.F. 
Dannals &; P.K.S. Siegel (Eds. ) ; Nuclear inaging in 
Drug Discovery, Development and Approval, Birkhaus 



!(4) 001-335578 (P200 1 -3 33&S 



er, 1993. G.B. Sana. Fundamental sof Nuclear Pharma 
cy, Springer-Verlag. 1992, ZtLt>cr>$M<7)t?MlZ& 

[0004] 1988^3 (Gd(DTPA) <H 2 0)]2-##18S*lfc 

<=5:Sfc^SSii5. tfN'y-^AfcL E3*WSEfc:t>* 

7"<0HRUM«iL ^^tcSo'<%®^^^> 
( 1 1 ) * V- h ffc&«B#*S $ iifctf . Gd (1 1 1 ) ti«^g fc 

l 1 ^±^<Kchiz^tiX±^ <tc0 . 1/T 2 #:**<** 
fcoiiT'NS l/r^SftfcBBW* 

bcoxfoh . i/t 1 £ i/t 2 £t3jarfii tjfcet-ra«>& 
XrKU-^A(III)<0J:-5 5r««<i:. ffl«rt<m/T , 1 

tt%mn t x o ^ v ^ «r i: a> t , iaaiH® * ja ^ 

ai 5 y x^jwvmiz^ -tii-piii A! rvi n t com 
T 1 f^ffl^«or 1 /r 2 jtiia»i~2rS) 

-fe^rt^MRHWttSlSiiSOT, -jRWtiiTxfflWT 
JPSrT, ftfM l± 0ft LT V > S flUB 17 Vt t- h * v v <n 

[0 0 0 5] ^Ky-^A(III)*^-b-ft^*cOfSco 

*ig8ilfc^TOGd(III)»^W-f^^»W. 9E 
fflSTO^ y^VKsWMI+*T8tt*»ffl6iS 

QSaoEfflSmJiStt^^tei^TAftfeii 
TV^&. ftttttBXAtt* «Wtt89iSr*traBWC* 



o. ii»x«?»t«Eq6»nra»ffl^4,iiT^&. 

9^-i3ioj; 3(c) mfmrn^^^m^mmmm^z 

«Lf»*. fcLTUU IW^WMttES 

»z wwh*, y>*-, *u-hy#>^v»#tt 

Saft&^fc*. »*(vehicle)fcLT«t* 

[0006] &mmimm&. 

EiMfc»ft^S£<^££*£*. flWw«E«= 

fflv^il&^5fc^if<7)^sfl^ttE!Ea^i. ¥«jwjws< 

(6B$HI) ^OrJ^^m^^TCS)^ (140 KeV) 
*»fe99»Tc«»SiiTV^. S'J^a'J-ill 
aKKJUt-e-rKaBtLI**. *-x*/|^f-140 KeV 
roh^l WteL J W<. «ifeffilB««IB<0B« 

^mmLtz^mn^^^mtmmsx'mmzn^ 

ii*. *0 6WBm«JWi. lHBttittE!l5JW>*lR, 

^feiiSffi^»«ttSEWi. i"ln"C*&. V7h^ 
TPA-sT^Mx^H (OCTREOSCAN) <7)J«SWi. frtt^fll 

[0007 ] *fohWry#)V7 * 'jy^h^en-yH 

pjiiMisi^tcjE^ffljgj: o^teirawrcaflE^fiarti 

tf&hvrc^ fchmhm (pdt) tc«fc&«/?i5r^>f r<?5 

I) (T.J. Dougherty, C.J. Goner, B.W. Henderson.G. 
Jori. D. Kessel, M. Kprbelik, J. Moan, Q. Peng, J. 
Natl. Cancer Inst.. 1998, 90, 889, d<0I«?)f£S8 

raoroFRiN(9«mR) mmcoimiziitRmzmzzti 

jEa3ffl«*»fe*^t=»*Six&<!0t:\ a»ii&Wfc&»«r 

SWJilLT^flEffldWWSil^ (^"J^if, R-K. Pandey. 
D. Hernan, Chemistry S: Industry, 1998 , 739, Z.<F> 

^M^tm^mmmmz^tti^ijcot^'h) . wii 

X— r;M89K*9 (HPPH) (Mitf, R.K. Pandey, A. B. 
Sualin, S. Constant ine, H. Aoudia, W. R. Potter, 
D. A. Bellnier, B.W. Henderson, M.A. Rodgers, K.M. 



:<5) 001-335578 (P200 1-3 3^8 



Smith &; T.J. Dougherty, Photochem, Photobiol., 199 
6, 64, 194; B.W. Henderson, D. A. Bellnier, W.R. Gr 
aco, A. Sharma. R.K. Pandey, L. A. Vaughan, W.R. We 
ishaupt &; T. J. Dougherty, CancerRes. , 1997. 57, 4 
000; R. K. Pandey, T.J. Dougherty, KmWfmS, 19 
8,460-^, 1993; ^§15,314,905-^, 1994; Rfjl5,459,15 

1995, zti^cDxm&Tfzmmntm±*m*m 

Wiz& &tiht>0>t'tb) mf?ivr y >-is-n-^* ^ 
;m 5 K^^r iy^-^-T-Mmmo mm. R.K. 

Pandey, W.R. Potter &;T.J. Dougherty, #BH*IMS5,9 
52,366-^, 1999, Cl^^*fflS<7)IBK^*M H JifflS^#t 
ixh^fth) PH0T0FRIN(aSfflS)^it^TM 
mSBD»ifiK<. Jft*56»tt3Wfiv^ HPPHtt. 3t£. o 

[00083 
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xa^ o y v«nt(cfifiHt^wecte* bfc t> <n?b h . 

Witf. *IB«F»»5,756,541-*; HSR. 028, 621 
S4, 866, 168-^; 3&4,649, 151 ^; ?fl5, 438,071^-; 
S5, 198, 460^; §55.002.962-^; £55,093, 349*1; S5.1 
71.741^; ^5,173,504-^; ffi4. 968, 71 5^ ;»5. 314.905 
■9; §15,459,159-^; ^5,770, 730-^; SS5, 864,035-^; 
jjS5, 190,966-^; &l/f»5,952,366-9(Cieifc3il, «ltL^ 
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[00 17] x* 0;R ll ^«5g^i-6fa^w-r-s>(^ 

T^/K -(CH^zCONH^x-UVCHzDTPA. 
[00 18] 
Utl 3] 

o o 

[0 0 1 9] Th S; dU ReXtiRnCOo^Ol 
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0 ^NH_ SH SH 

[00 2 1] X*>&. ) 
[00 22] 

<Gdx<i^tt&8k*i/-MbL*:) 

& SI* i: LX Zil t> <nmmf8&%\ ^ - 1 X& -> fc . 

LX«flM*a*5Wfc L o h 9 a U /'XliA^f U o »J 
1 1 InT 5 /:7xX/UDTPAXli 99o Tc N 2 S 2 16£#?) 
«I««:*X/CV>*. gfllMu ( i ) l±t*><i*»¥ifi* 
(PDT) «te«ahSixfc»ttS^«tt^7 ^ 'JVW 
Kyx?A£*5<&££t*\ 24*13^* 
#B*teJ:->T£t;fc r fI^J **»U J:oXMR-f> 
-^y^*zH^&^*JBWWW|-r«i4:aV ( ii ) 

M^S1x««^K^mo^|lffflSScl*tt^iR,t LX 

Ji?y+Jr->u (N 2 52 ) SS^ttXti^L^rh^ 
»jxf;i/7S^y?*;i/#>B ( dtpa ) t£-£fo<n^f& 

[00 2 3] 

HPPH-Gd(III)T$ /7x-;VDTPA 14fi^J*:8E{t'&* 



t'K-a 6a (xt/HI^-r^(Spirulina Algae) 
tttliUiitf)) HtD7x*7*;l/h'F-a 6b£f# 
fc. <Mc, «/rOSWaxflB*Lfc*i£fctt^X>^ 
3-(^^^x)x^;HS^i^a^^L^. 

»LX»JB-r**;U*V»9bt3e»WlR«-M»fc. 9bk 
^/U-#i/-f S (R-K. Pandey, F.Y. Shiau, A.B. Su 
ml in, T.J. Dougherty &; K.M. Smith, Bioorg. Med. Ch 
em. Lett., 1994, 4. 1263. Cl^SlR^ieffiii*® 0 ^ 
mizlr±tiZ>i><7)b-t&) t3J:SBl4^)*£tct¥oXlBI 
§5 L/vi4-r 5 y 7 x ~;wrrPA^y^-tert-7'^;uxx7" 
^SJSS*X^^^^*l2Sr57%OlR^T1#^ 

OHBLfc. Gd(III)«»SBWrfem«C. $S^*<T)ter 
t-T^;Pg£ b U 7 AotoBBH:RJES-fr& ZblzX 0 
»Br&*yUsK>ttfc:SaiLfc (JDW100X) . Gd(iii) 
#t#:14^lllSSi:LX. ^^^'Jy>CIj!fL, 

LXjMBO*-rb8rK»J-^*l!fe*L. «ETTtt« 
U «ffift-&iftS'92%tfOJR*T»Jf L)t, fi**£j£!fe<7) 

[0024] r^ry v-i8--f 5 K-Gddinr^y^x 

x/PDTPA 16cO^^:>f-yU7x^7r;Ub*H-a 7a£N- 
TO^WCSMiUfc. 9btfOWB(=BBSn^36r 

ffitifs^x^f-/wx^x;u«*»«>"rs*^#vMiot3 
in*a*Ufc. Brrt5SS*tfcR«iff(i«-jX 
x^ry w 5 kio£ r s ./ 7 x :=.;udtpa^> ?tert- 

X'WiLfc. ®C, hyy/M-oSSL JfctC. GdCl 3 -6H 
2 0fcKJCS-B:XGd(ni)ffl*16S:>9O%tfOiR*X»fc. 

^^fS^fc »t S Gd ( 1 1 1 ) *S-^«cco{4SO^S Sr S « 

/? tas^tcis^x, s&^i: or/ury y^r 5 K7$:pg 

yUDTPA 5 fc $r^£5S-^XGd(1 1 1) T 5 / 7 x x;UDTPA*S 
^#:15. r;^ry>'18-3-7-'t'x;U-3-(4 , -r S H7xX 
;U^Hyx^A<III)DTPA]-N-^^;P-f ^ HS:»6. 

;u^;ux-r^^^^i>vx^N-s^r;^;H^o« 

[00 2 5] a^t'J^d'J ^*Gd(III)TSy7x 
x;UDTPA 220^fiE^^^-f y*^oy Mi, fflS(3*fft 
2 oco t o-;^ffl[*«a7cS^x ^&«3H*>r ^ ^ ^ 
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3 mz h'-zl^g £ l JyJ 5 F 7£. ftti&b L 
X Pd/ C £ m ^X 7k % £ ra£ £ it h <! £ lz J: 0 3-r bx/i- 

$ Kfc t>*Wt6flTV^) £^J8L*:. >rx$ 
^A-rhn^^H/tT'J^W^SfcRJBS* (A.N. Kozy 
rev, T.J. DoughertyX ; R.K. Pandey, Tetrahedron Let 
t., 1996, 37. 3781. i^XK^EJBi*H H A«*^* 
&tihi><?>£~th) . WJE-r&vic-^bHo^r^N'^'r 
»J o y yi8Sr yTXfU^-Oig^lh LT75% 
cOlR*T*KLfc ( trans-g7uSDt;:*f L T ±Xte~R0c 
is-bFo^S) • mfI/*-7-a^»i:U<0 

TteBEBTCffiSIL (R.K. Pandey.T. Tsuchida, S. Cons 
tantine, G. Zheng, C. Medforth, A Kozyrev, A. Moha 
mmad, H.A.J. Rodgers, K.M. Smith S; T.J. Dougherty, 
J. Med. Chem.. 1997 . 40 , 2770, i CO$M<D&mi±* 

mm8£.&*tihh<Dt-rh) . «vm7tt (its 
mo) ipxit&ia. (-fb^i9> t-^hg^o^ws? 

f'Jt^n'jyO+t, 7-^h»»*2036*RIFJ»*S» 

B3»lRa^****ofc (H3#SHS*xfe^) . A^-r 
U n y >-19^^20c7)^S:NMRi;®a^*fS^«f 

K20<O* f-^xx tVI-SSt # V|£21 IztiUTfrftM Ufc 

HRO^ffitCffi^ T*W$-f &4-T ^7x x/M)TPA*§-& 

[0026] HPPH^b'XTS yx^y^:*wM££-#27 
0^:" fl Tc»t^SSt14^Slifii^PS^OT, 

LfcJrffi(Cfi6oTH»Lfc (G. Li, Q. Ma, B. Ma, Z. 
D. Grossman &; R.K. Pandey, Heterocyclics, 1999, £p 
8W: G. Li, B. Ma, J.R. Missert, Z.D. Grossman &; 
R.K. Pandey, Heterocyclics, 9WJ4 1 . Ztlt>COjCfflt<0 

JBS*. f-?r«HHPPHe-&«525«r40X<OJR*T*ttL 

i/c»j&f * fx r^yx^ y*:*-^26s^wJDW 

TSn ( II ) 7$V V ^7* h h TSBE t fc« *TC*jUr~? 

h fc<*>U KXJftEJEfcJ: 9Tc-99ni§8#27£!fl 
KLfc (5.K. Meegalla, K. Plossl, M-P. Kung, S. Ch 
umpradit, D.A. Stevenson, S.A. Kushner, W.T. McElg 
in, P.D. Mozley &; H.F. Kung. J. Med. Chem. , 1997, 
40, 9,Z<7)Xffinimii*mWMmiZ&±tlZ>hcr>t*t 



4) . 1ffiWRfflX#li>80%Tt>~>tZ. Tc-99mm^ 

[0027 ] HPPH^^MnT^y^xX/UDTPA^^ 
CD^tfi: «E^1*lOWKCwOl vc Ji . 11 1 1 nDTPA-JSS 

^commz^^xLout^mm^izt^ximzftK 

(S. Wang J. Juo, D.A. Lantrip, D.A. Waters. 
C.J. Mathias, W.A. Green, P.L. Fuchs &; P.S. Low, B 
ioconjugate Chem. , 1997, 8. 673. C <7)Xitt^ie W\$ 
*mfm&tt±tlhl><r)b*th) KtKoTHPPH-TS 
y:7 x x;MJTPA 13fcfflft ll 4n(III)fc£KJ6*-B\ 111 

[0028] ttrtMSMR-f * — *J>7\ 
HPPH-Gd ( 1 1 1 ) T £ J 7 x -;l^DTPA^^l 4 : GD^fSHPPH 

-HPPH^ltS^Kj^Jt^PJ ( h (Magnavist) 
X(iGd-DTPA) J: 0*v^|«3&<«fc<x&**S:«*^fc. 

^^-grjs^fi^it^iGd-HPPH^ i fQtanEmmfiwt* 

OlE^)7«yh S-»KrtGd-HPPHc024«rBia^B«ft L . 
fc. 2#Btf0B»*ti^7-ybS:-7^b*Xhfi0ait^ 

24B*raatcis«^fl:ufc (Hiat/ia2Sr#iss<ifc 
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CHLOJUN AND BACTERIOCHLORIN-BASED AM1NOPHEWYL DTPA AND 
N,Sj CONJUGATES FOR MR CONTRAST MEDIA AND 
RADIOPHARMACEUTICALS 



BACKGROUND OF THE INVENTION 
This application claims priority from Provisional Patent Application No. 60/1 7 1 ,961 
filed December 23, 1999. 

Cancer is the second most common cause of death in the United States, accounting for 
20% of all deaths. Until now, medicine has tried to overwhelm the cancer cell with brute 
force, slicing it out with surgery, zapping it with radiation, or poisoning it with 
chemotherapy. AH too often, however, a few cells survive the onslaught and germinate, 
sometimes years later, into tumors that are impervious to treatment If tumors can be 
diagnosed at early stages, it will certainly increase the survival rate of the cancer patients. 
Therefore, efforts are currently underway in our and various other laboratories to develop 
efficient tumor diagnostic imaging agents. 

For many years, in vfw imaging of human anatomy was dependent upon the 
intravenous administration of radioactive atoms (nuclear medicine) or nonradioactive 
iodinatcd contrast media (various x-ray tests and computed tomography). However, over the 
last decade magnetic resonance imaging (MRl) has assumed a critical role in imaging, and, 
unlike x-rays or computed tomography, MR uses contrast media that contain paramagnetic 
ions, particularly Gadolinium [Gd(ni)]. Paramagnetic ions are not themselves "seen" by the 
MR scanner. Rather, they affect the water in body tissue so as to increase the "signal" 
emitted by tissue when it is placed in a magnetic field. 
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By and large, MR contrast media have been neither disease-specific nor organ- 
specific. Injected intravenously, most are rapidly excreted by the kidneys by glomerular 
filtration. Although several liYcx-specific contrast media have been created, other organs 
have not been successfully targeted, and no tumor-avid MR contrast agents arc available to 
date. 

Because of the importance of detection of unknown primary tumor and metastatic 
disease in diagnostic oncology imaging; a tumor-avid MR contrast medium would have high 
implications fox prognosis, therapy selection, and patient outcomes. The entire issue of cure 
versus palliation would be impacted. 

In recent years several reports focused on certain Gd-based macrocycles as potential 
magnetic resonance imaging (e.g. Z.D. Grossman and S.F. Roscbrough, Clinical 
Radioimmunoimaghig, Grune & Stratton Inc., 1988, incorporated herein by -reference as 
background art) and 9?TO Tc or 11l ln chelated compounds as radiopharmaceuticals (e.g. H.D. 
Bums, R.F. Gibson, R.F. D annals and P.FCS- Si'egel (Eds.); Nuclear imaging in Drug 
Discovery, Development and Approval, Birkkauser, 1993, and G.B. Sana, Fundamentals of 
Nuclear Pharmacy, Springer- Veriag, 1992, incorporated herein by reference as background 
art). 

Since the approval of [Gd^DTPAXI^O)] 2 " in 1988, more thrni 30 metric tons of 
Gadolinium have been administered to millions of patients worldwide. Approximately 30% 
of MRI exams include contrast agents, and this percentage is projected to increase as new 
agents and applications appear. Gadolinium is also finding a place in medical research. 
Over 600 references to Gadolinium appear each year in the basic science literature. While 
other types of MRI contrast agents, namely an iron-parti clc-bascd agent and a manganese (S) 
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chelate have been approved, Gd(III) remains the dominant material. The reasons for this 
include the direction of MRI development and the nature of Gd chelates. The signal intensity 
in MRI stems largely from the local value of the longitudinal relaxation rate of water protons, 
1/77, and the transverse rate 1/7*. Signal tends to increase with increasing 1/77 and decrease 
widi increasing l/T 2 - Pulse sequences that emphasize changes in 1/77 are referred to as 1/77- 
weighecl, and the opposite is true for Tj-wcighcd scans. Contrast agents increase both 1/77 
and 1/7; to varying degrees, depending on their nature as well as the applied magnetic field. 
Agents such as Gadolinium (III) that increases 1/77 and \/T 2 by roughly similar amounts are 
best visualized using Ti -weighted images, because the percentage change in 1/77 in tissue is 
much greater than that in 1/7V The longitudinal and transverse relaxivtty values X\ and r 2 
refer to the increase in 1/77 and 1/77, respectively, per milliomole of agent. 77 agents usually 
have r2/ri ratios of 1-2, whereas that value for 77 agents, such as iron oxide particles, is as 
high as 10 or more. Advances in MRI have strongly favored T; agents and thus Gadolinium 
(III). Faster scans with higher resolution require more rapid radio frequency pulsing and are 
thus generally 77-weighed, since the MR signal in each voxel becomes saturated. 77 agents 
relieve this saturation by restoring a good part of the longitudinal magnetization between 
pulses. At the same time a good 77 agent would not significantly affect the bulk magnetic 
susceptibility of the tissue compartment in which it is localized, thus minimizing any 
inhomogeneities which can lead to image artifacts and/or decreased signal intensity. 

The other important and interesting characteristic of Gadolinium (III) chelates is their 
stability. They remain chelated in the body and are excreted intact. For example, the off-the 
shelf ligands like DTP A form complexes so stable that while the agent is in v/vo, there is no 
detectable dissociation. Owing to their large size, lanthanides tend to favor high coordination 
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number in aqueous media. Currently, all GddEQ-bascd chelates approved for use in MRI are 
nine-coordinate complexes in which the ligand occupies eight binding sites at the metal 
center and the ninth coordinate site is occupies by a solvent water molecule. 

Radiopharmaceuticals are drugs containing a radionuclide and are used routinely in 
nuclear medicine department for the diagnosis or therapy. Radiopharmaceuticals can be 
divided into two primary classes: Those whose biodistribution is determined exclusively by 
their chemical and physical properties (like iodine- 13 1) and those whose ultimate distribution 
is determined by their biological interactions (like a radiolabeled antibody). The latter class 
includes more target-specific radiopharmaceuticals. A target-specific radiopharmaceutical 
consists of four parts; a targeting molecule, a linker, a chelating ligand and a radionuclide. 
The targeting molecule serves as the vehicle, which carries the radionuclide to the target site 
in diseased tissue. The radionuclide is the radiation source. 

Metallic radionuclides offer many opportunities for desifining new 
radiopharmaceuticals by modifying the coordination environment around the metal with a 
variety of chelators. Most of the radiopharmaceuticals used in conventional nuclear 
medicine are ""To labeled, because of its short half-life (6 hours) and ideal gamma emission 
(J 40 KeV). Millicuric quantities can be delivered without excessive radiation to the patient 
The monoencrgetic 140-KeV photons are readily collimated, producing images of superior 
Spatial resolution. Furthermore, W,D TC is readily available in a sterile, pyogen-free, and 
carrier-free state from 99 MO-' 9fn TC generators. Its 6h half-life is sufficiently long to 
synthesize the labeled radiopharmaceuticals, assay for purity, inject the patient, and image 
yet short enough to minimize radiation dose. Another radionuclide successfully used is 11 'in. 
The success of the pharmaceutical IN-DTPA-Octrcotide (OCTRJEOSCAN), used for 
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diagnosis of somatostatin receptor-positive tumors, has intensified the search for new target- 
specific radiopharmaceuticals. Compared to ""Tc, the half-life of lll In is much longer (72 
hours). 

Certain porphyrins and related tctrapyrrolic compounds tend to localize in malignant 
tumors and other hyperproliferative tissue, such as hypeiproliferative blood vessels, at much 
higher concentrations than in normal tissues, so they arc useful as a tool for the treatment of 
various type of cancers and other hyperproliferative tissue by photodynamic therapy (PDT) 
(T.L Dougherty, C J. Gomer, B.W. Henderson, G, Joxi, D. Kessel, M. Kprbelik, J. Moan, Q. 
Peng,y. Nail Cancer Fnst.. 1998, 90. 889 incorporated here by reference as background art). 
However, most of the porphyrin-based photosensitizers including PHOTOFRlN® (approved 
worldwide for the treatment of rumors) clear slowly from normal tissue, so patients must 
avoid exposure to sunlight for a significant time after treatment In recent years, a number of 
chlorophyll analogs have been synthesized and evaluated for their use as photosensitizers for 
PDT (e.g. R. K. Pandey, D. Herman, Chcmistiy <ft Industry. 1998, 739 incorporated herein by 
reference as background art). Among these photosenshlzers, the hexyl ether derivative of 
pyropheophotbide-a 9 (HPPH) (e.g. R.K. Pandey, A.B. Sumlin, S. Constantine, M. 
Aoudia, W. R. Potter, D.A. Bellnier, B.W. Henderson, M.A, Rodgers, (CM. Smith and T. J. 
Dougherty, Photochent. PhotobioU 1996, 64, 194; B.W. Henderson. D.A. Bcllnicr, W.R. 
Graco, A. Sharma, R.K- Pandey, L.A. Vaughan, W.R. Weishaupt and T. J. Dougherty, 
Cancer Res., 1997, 57, 4000; and H K. Pandey, T.J. Dougherty, U.S. Patent, 1993, 
5,198,460; US. Patent, 1994, 5,314,905 and US. Patent, 1995, 5,459,159. incorporated 
herein by reference as background art) and the hcxyl-ether derivative of purpura- 18-7^- 
hexylimide :10 (e.g. R.K. Pandey, W.R. Potter and T.J. Dougherty, US. Patent, 1999, 
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i 

5,952,366, {incorporated herein by reference as background art) have shown high tumor 
i 

uptake and tninimal skin phototoxicity compared with PHOTOFR1N®. HPPH is currently in 

phase I/II clinical trials for treatment of various types of cancer by photodynamic therapy at 

the RosweUjPark Cancer Institute, Buffalo, NY and the results arc promising, 
i 

I BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I shows an MR. image control using a commercially available contrast agent 

vs. do use of contrast enhancement agent. The tumor area of the images shows little or no 

t 

enhancement using the commercially available contrast agent 

| 

Figup 2 shows the MR image using a Gd-HPPH contrast agent of the invention vs. no 

j 

contrast agiit. The image formed using the contrast agent of the invention shows dramatic 
i 

; 

image enhancement of the tumor area. 

Figure 3 is a graph of in vivo measurement of tumor vs. muscle uptake by reflection 

| 

spectroscopy of the compound shown in Figure 3. 

i 

Figure 4 is a schematic diagram showing chemical synthesis of 4-aminophenyI DTP A 
pcnta-tcrt-butyl esters. 

Figure 5 is a schematic diagram showing chemical synthesis of carboxy 3- 

(hcxy 1 oxy) ethyl pyropheophorbide-a from methylpheophorbidc-a. 

i 

Figujre 6 is a schematic diagram showing chemical synthesis of HPPH-aminophenyl 

DTPA from carboxy 3-(hexyloxy)ethyl pyropheophorbide-a and 4-aminophenyl DTPA 

i 

penta-tert-butyl ester followed by reaction with Gadolinium (HI) trichloride to form HPPH- 
aminophenYl DTPA. 

Figure 7 is a schematic diagram showing chemical synthesis of purpurin-18-imide- 
Gd(III) amikophenyl DTPA (16). 
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Figujc 8 is a schematic diagram showing preparation of Gd(HI) aminophenyl DTPA 

j 

complex frompurpurin 7. 

i 

i 

Figup 9 is schematic diagram showing preparation of bacteriochlorin based Gd(III) 
aminophenjfi DTPA. 

Figure 10 is a schematic formula for bisaminoethanethiol compound 23. 
Figure 1 1 is a schematic formula for bisamiaocthancthiol compound 24. 
Figuie 12 is a schematic diagram showing preparation of HPPH based 

bisaminoethanethiol conjugate 27. 

j 

Figuire 13 is a schematic diagram showing preparation of HPPH based In 
Aminophenjyl DTPA conjugate 28. 

Figure 14 ia a schematic diagram showing preparation of N2S2 ligand 99tn Tc complex* 

! 

Ammophenjyl DTPA lI1 In complex and Aminophenyl DTPA Gd(in) complex, e.g. 3- 
devinyl-3-(i , 'alkoxy ethyi)-17-[3-(4 M -amidobenzyl gadolinium(III)DTPA)]ethyl 
pyropheopric«rbide»a, from a DTPA or N2S2 dihydro tetrapyrrole compound of the invention. 

Figure 15 is a schematic diagram showing N2S2 ligand 99m Tc complex, Aminophenyl 
DTPA "In (complex, and Aminophenyl DTPA U1 ln Complex, and Aminophenyl DTPA 
GcKIII) cojnplcx, e.g. puipurin-18-(3(>devinyl-3-(4"-amidobenzyl gadoliiuumDTPA)J-N- 
substituted imide, from a DTPA or N2S2 dihydro tetrapyrrole compound of the invention. 

Figure 16 is a schematic diagram showing N 2 S 2 ligand ""Tc complex, Aminophenyl 
DTPA "In ;complex, and Aminophenyl DTPA 1,1 In Complex, and Aminophenyl DTPA 
Gd(IIT) complex, e.g. purpurin-l8-(3-devinyI-3-(ralkoxy ethyl)- 17-[3 f -(4 n -anridoben2yl 
gadolinium(III)DTPA)]ethyl pyropheophorbide-a, from a DTPA or N 2 S 2 dihydro tetrapyrrole 
compound of the invention. 



7 



(B4) )01-335578 (P200 1-33^8 

Figure 17 is a schematic diagram showing N 2 S 2 ligand 93m Tc complex, Aminophenyl 

DTPA "In jcomplex, and Aminophenyl DTPA Ul ln Complex, and Aminopheny] DTPA 

t 

Gd(lTT) complex, e.g. bacteriopurpurin l8-3-(a1kyl or aUcoxyalkyl)-7-keto-17-[3-(4 u - 
amidobenzjfl gadolimuin(II[)DTPA)]-N-5ubstituted imide 3 from a DTPA or N 2 S 2 tetrahydro 
tetrapyirole' compound of the invention. 

BRIEF DESCRIPTION OF THE INVENTION 
The invention inclndes compositions that are chemical combination of porphyrins and 
chlorins and related tetra-pyrrolic compounds with radioactive elements such as 
Technetium}* 9 , Gadolinium, Indium 1 1 1 and radioactive iodine. When the element can form 

i 

cations, the [compound is usually a chelate with the porphyrin or chlcnin structure. When the 
element foifras anions, the compound usually a direct chemical combination of the 

i 

radioactive plement into die porphyrin or chlorin structure. 

Examples of potphyrin and chlorin structures that can form compounds with 
radioactive [elements, when modified in accordance with the present invention, are for 
example described in ILS. Patents 5,756,541: 5,025,621; 4,866.168; 4,649,151; 5,438,071; 

5,198,460; 15,002,962; 5,093,349; 5,171,741; 5,173,504; 4,968,715; 5,314,905; 5,459,159; 

t 

5,770/730; 5,864,035; 5,190,966; and 5,952,366 all of which are incorporated by reference as 

i 

bacKgroundiart, 

j 

The invention further includes the method of using the compounds of the invention for 
diagnostic imaging of hyperproliferative tissue such as tumors and new blood vessel growth 
as is associated with the wet form of age related macular degeneration. 
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Unexpectedly, porphyrins and chlorins, as above described, upon injection, carry the 
radioactive Element into cells of hyperproliferative tissue and dramatically enhance the signal 

produced tumor tissue in MR imaging. 

f 

It is to be understood that porphyrin and chlorin compounds (including 
bacteriocMirins) may be chemically altered to other forms by substitutions and 
modifications; provided that, the base tctrapyrrolic structure that allows selective entry and 
retention in Jhyperproliferative tissue cells (e.g. tumors) is retained. 



Compound^ of the invention usually have the formula 




Lq the above formula, R, - HsC \^ R » ; (CH 2 ) 2 CONHphenylenc CH 2 DTPA, -cn jLr^ SH 

fNH SH 



where R$ =» lOR )0 where Ri 0 is lower alkyi of 1 though 6 carbon atoms; R 2 is -CH 3> R5 is 

-CHiGfc, aiid Ki and R4 together form a covalent bend or R 2 and R 3 together are = 0, R< is 

i 

-CH 2 CH$ arid R5 is -CH 3 ; Re is -N- or a covalent bond; R 7 is = O when R* is -N- and R 7 is a 

Rji Rio 
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covalentbojid; and R 8 is -(CHyCC^CHj, -(CHzkCONHphenyleneCIfcDTPA, 

o ! o 
-CHjCN j st1 or -ch z cn \ H 



0 M *iJ^SH 0 ^NH Sh 



Rn is lower| altyl of 1 through 6 carbon atoms, -(CHz^CONHphenyleaeCHzDTPA, 



O ! O 

ii — ti 

-CH 2 CN £ H — CK 2 CN 



*7 f" or w "2^ sh ; provided that only one of Ri,R 8 otRh is 



-(CHi^COrjiHphenyleneCHaDTPA, ~ch 3 cn~"%h or -ch^cm - \ H 

o^tf SH 



DETAILED DESCRIPTION OF THE INVENTION 
An objective of the invention was to use these photesensitizers as a vehicle for 

delivering t|ie desired conjugate (chelated with Gd or radionuclides) to tumor. The chelate is 

i 
l 

<c bifunctiaiial" because, it binds the Gd it one end and binds the target specific vehicle at the 

! 

other. The; chelate is a multidentate Kgand. which has appropriate Iigating groups for 

i 

coordination to the metal. In a preferred embodiment, our invention includes: 

I 

Development of chlorin and bactcriochlorin-bascd Gd(III)arninophenyl DTPA 

\ 

conjugates toth variable lipophilicity as tumor diagnostic agent by MRJ. 

Development of chlorin and bactmochlorin-based 1 1 l In arninophenyl DTPA and ^"'Tc 
N 2 S 2 conjugates with variable lipophilicity as tumor diagnostic radiopharmaceuticals. 
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A g<jal has been: (i) to successfully bind Gadolinium to a tumor-avid porphyrin, 
originally designed for photodynamic therapy (PDT), and to prove that striking tumor uptake 

i 

at 24 hours enhances the "signal" produced by tumor, thus dramatically increasing its 

i 

ccjispicuityj on MR imaging and (ii) to prepare related ^'"Tc and l,l In labeled 

radiopharmaceuticals as diagnostic agents for nuclear medicine. 

i 

This j invention includes the synthesis and application of certain chlorin and 

i 

bacteriochlqrin-based bisamrnoethanethiol (N 2 S2) and modified ditetratriethylamine penta 

i 
i 

carboxylic kcid (DTP A) conjugates as MR contrast media and radiophannaceuticols for 
diagnosis off primary malignancy and metastatic disease. 

The following examples describe examples for synthesis and use of magnetic resonance 
imaging agents. Synthesis of HPPH-Gd(UX)aminophenylDTPA 14: For the preparation of 
the title compound, pyrophepphorbide-a 6b was obtained from methylpheophorbide-a 6a 

(which in turn was extracted from Spirulina Algae) by following the literature procedure, it 

' i 

was then converted into methyl 3-(hcxyloxy)ethyl analog 9a by following a methodology 

t 
i 

developed in our laboratory. Hydrolysis of the methyl ester functionality with aqueous 

I 

LiOH/methinol/THF produced the corresponding carboxylic acid 9b in quantitative yield. 

! 

The reacttap of 9b with 4-aminopheiiyl DTPA penta-terM>utyi esters prepared by following 
the methodology in Figure 4 via the carfaodiimide approach (RJH. Pandey, F.-Y. Shiau, A.B. 
Suniiin, T,j. Dougherty and K,M. Smith, Bioorg. Med, Chem. Lett., 1994, 4, 1263, 

i 

incorporated herein by reference as background art) produced the corresponding analog 12 in 
57% yield (^Figures 5 and 6). The stmctUTC was confirmed by NMR and mass spectrometry 
analyses. 
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Before preparing the Gd(III) complex, the ter*-butyl groups in conjugate were 
converted ifto corresponding carboxylic acid by reacting with trifluoroacetic acid (yield 
100%). For the preparation of Gd(in) complex 14, the conjugate was dissolved in pyridine 
and Gadolinium chloride hexabydrate dissolved m deionized water. The mixture was stirred 
at room teipperature for 2k After the completion of the reaction (monitored by TLC), 
pyridine wajs removed under high vacuum. The residue was washed with water to remove 
the excess o'f Gadolinium chloride, dried under vacuum and the title compound was isolated 

in 92% yieli. The structure of the final product was confirmed by mass spectrometry. 

i 

Synthesis of\Pvrpurin-18~imide'Gd(IfflaminophenytDTPA 16: Meihylpheophorbide-Q 7a was 
converted irjto the hexylether derivative of AT-hexyl purpurinimide in 70% yield. The methyl 
ester group (was then hydrolyzed to the corresponding carboxylic acid 10 by following the 
methodology as discussed far the preparation of 9b. Purpurin-imide 10 was then reacted 
with aminojlhenylDTPA penta tcit-butyl ester 5 by following a reaction sequence depicted in 

i 

Figure 7 anji the intermediate conjugate was isolated in 45% yield. Further reaction with 

trifluoroaceiicacid and then with GdCl 3 .6H 3 0 produced the Gd(IIl) complex 16 in >90% 

j 

yield* The structures of the conjugates were confirmed by NMR and mass spectrometry. 

i 

In otir attempt to investigate the effect of the position of the Gd(irf) conjugate in the 

i 

macrocyclej purpurin-imide 7 was converted into the related carboxylic acid analog 1 1 by 

i 

conventional! procedures. Reaction of 10 with amincphenyl DTP A 5 will produce Gd(IH) 
aminophenyl DTPA conjugate 15,purpurin IS-l-dcvinylOK-amidophenyl Gadolinium (III) 

DTFA]-N-hjexylimidc. 

f 

In this series of compounds, the overall lipophilicity of the molecule can be altered by 
varying the! length of the carbon chain of either the alkyl ether substituents and/or N- 
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substituted alkyl chain. Thus, these compounds provide a unique opportunity to investigate 

the correlation of tumor uptake and Iipophilicity. 

Synthesis of Bacteriochlorin basedGD(IIJ)aminopheirylDTPA 22; 

Bact^riochlorms are a class of tetrapyrrotes in which the two pyrrole units diagonal to 
each other j are reduced. Starting from A^hexyl-pmpurin imide 7 we have prepared 
kctobacteripchlorin 20 by following a reaction sequence illustrated in Figure 9. In our 
approach piirpurinimide 7 containing a vinyl group at position 3 was converted into the 3- 
devinyl-3-ejhyl analog 17 (also be named as me^o-A^hcxyl-puipurin-l 8-imide) by reacting 
with hydijogen using Pd/C as a catalyst. It was then reacted with 
osmiumtetr<mdc/pyridine/H2S (A.N. Kozyrev. TJ. Dougherty and R.K. Pandey, 
TetrahedroA Lett., 1996, 37, 3781, incorporated herein by reference as background art) and 
the corresponding vzc-dihydroKyhacteriochlorin 1 8 was isolated in 75% yield as a mixture of 
diasteriomefs (cis-hydtoxy groups up or down relative to trans-rcduccd ring D). The 
dihydroxy ^nalog as a diasteriomeric mixture was treated with sulfuric acid under pinacol- 
pinacolone (reaction conditions, (R.K. Pandey, T. Tsuchida, S. Constentine, G. Zheng, C. 
Medforth, Kozyrev, A. Mohammad, M.A.J. Rodgers, KM. Smith and TJ. Dougherty, J. 
Med. Chem\ 9 1997, 40, 2770, incorporated herein by reference as background art) and the 
ketobactcri4chlorin, containing keto- group either at 7- (compound 20) or 8-position 
(compound jl 9) respectively were isolated in 70% yield Among these bacten'ochlorins, the 
7-kcto analog 20 showed high tumor uptake as determined by in vivo reflectance 

spectroscopy in mice model transplanted with RIF tumor (see Figure 3). The structures of 

i 

bactcriochldrins 19 and 20 were confirmed by NMR and mass spectrometry analyses. 
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Our next step was to hydrolyze the methyl ester group in purpurinimide 20 into 
carboxylic jacid 21 before converting it into the corresponding 4-aminophenylDTFA 

conjugate 2)2 by following the methodology discussed previously for the preparation of 

i 

related HPPjH and purpura n-imide analogs. 

Synthesis of HPPH-based Bisaminoethanethiol conjugates 2 7: For preparing the Wra Tc 
labeled radiopharmaceuticals, two aminobiscthanetluols 23 and 24 were prepared by 

following tpc methodology developed in our laboratory (G. Li, Q. Ma, B. Ma, Z.D. 

• i 

Grossman ajnd R.K. Pandey, Heterocyclics^ 1999, in press; and G. Li, B. Ma, J.R. Missert, 

i 

Z.D. Grossijian and RJC Pandey, Heterocyclics, in press, incorporated herein by reference as 
background) art). For the synthesis of N 2 S 2 conjugate 26, HPPH was reacted with NaS 2 
chelate 23 ind the thioprotected HPPH conjugate 25 was isolated in 40% yield. Subsequent 
deprotectiom of the thiols with triethysilane/TFA afforded the corresponding bis- 
aminoethanethiol 26 in quantitative yield. The structure of the newly synthesized compound 
was confirmed by NMR and mass spectrometry analyses. 

The |Tc-99m complex 27 was prepared by ligand-exchange reaction with "^Tc 
pertechnatale reduced by Sn(LI)glucoheptonate by following the methodology of Kung and 
coworkers jsJFC MccgaUa, K. Rossi, M-P. Kung, S. Churnpradit, DA. Stevenson, S.A. 
Kushner, W.T. McElgin, P.D. Mozley and H.F. Kung. J. Med. Chem., 1997, 40, 9, 
incorporated herein by reference as background art). The radiolabeling yield was >80%. 
The purity of the Tc-99m complex was >95% s by chromatography, 

Syntheses of HPPH based m In AttunophenylDTPA conjugate 28; For the preparation of the 
title compoxind, the HPPH-aminophenylDTPA 13 was reacted with m In(M) chloride, 
following rfie methodology reported by Low and coworkers (S. Wang J. Juo, D_A_ Lantrip, 
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D.A. Waters, CJ. Mathias, W.A. Green, PX. Fuchs and P.S. Low, Bioconjugaie Chem., 
1997, 8, 67j$, incorporated herein by reference as background ait) for the preparation of m In 
DTPA-Folajte and the 111 In labeled compound was obtained in 82% yield. 
Body Tumo\ MR Imaging: 
HPPH~Gd(^II)A3ninophenylDTPA conjugate 14: 

Following the synthesis of GD-labeled HPPH, a series of three rats were injected 
intravenously and studied immediately after injection, at 1 hour, and at 24 hours, to establish 
whether the) Gd-HPPH remained in the circulation longer than the current standard contrast 
medium (Magnavist or Gd-DTPA). n 

Whereas Magnavist clears rapidly from the mammalian circulation by glomerular 
filtration, viith a circulatory half-time of 16-20 minutes, the newly-synthesized contrast 

i 

medium Gd-HPPH, was evident in the cerebral circulation at 1 hour. Subsequently, to 
establish whether the GD-HPPH is tumor-avid, a single rat with a subcutaneously-implanted 
Ward colonj carcinoma was imaged, 24 hours after intravenous GD-HPPH, A second tumor- 
bearing rat was imaged 24 hours after injection of Magnavist (See Figures 1 and 2). Clearly, 
the enhanced tumor signal after Gd-HPPH injection indicated that GD-HPPH 14 has 
potential asj a contrast medium for MR. HPPH (a chlorophyll- a derivative) represents the 
vehicle by Which the Gd complex is carried into the tumor. Addition of the Gd chelate to 

HPPH doeslnot hinder its ability to form singlet oxygen producing efficacy, so this contrast 
i 

medium ado has the potential for dual action: enhanced localization on MR imaging 
(diagnosis) jfollowed by directed light exposure with tumor injury (treatment). Also, because 
of its excellent tumor selectivity and high fluorescence, the newly synthesized conjugate can 
be used foi IR imaging. Also, Indium or other radionuclides like Tc-99m (the latter 
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conjugated jby an N 2 S 2 ligand) bound to chlorins and bacteriocMorins synthesized and 
proposed inithis invention have potential as imaging agents for nuclear medicine. 
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What is claimed is; 



1. A tetrapyrrole compound characterized in that it has the formula 



R 


1 


R 2> 


R 3 


\ a 


NM 


N - 


b r*- 




•N 








-H T 

*■/ 







Rl « H » c w R « ; -(CHa^CONHphenyleneCHaDTPA, - CH a9* sh 



X 



or 



O'NH SH 



-CH,CN 



Y j 



SH 
SH 



where R* - j-OR 10 where R ia is lower alkyl of I though 6 carbon atoms; R 2 is -CH 3 , R 3 is 

i 

-CH 2 CH 3 , and R 3 and R4 together form a covalent bend or Rz and R 3 together are = 0, R4 is 

j 

-CH 2 CH 3 aild R 5 is -CH 3 ; R6 is -N- or a covalent bond; R 7 is = O when R« is -N- and R 7 is a 
covalent bojid; and R 6 is -(CH 2 )C0 2 CH 3) -(CH 2 ) 2 CONHphenyleneGH 2 DTPA, 



o 

11 



o 

II 



— C H a c n SH or 

I : 

^NH : SH 



-CH 2 CN \ H 



1 
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R n is lowcijalkyl of 1 through 6 carbon atoms, ^C^^CONHphenyleneCH^DTPA, 
fi _J fl ... 

/ T or V provided that only one of Ri,RgorR n is 

^NH leu ^Ni 



I °i ° 

^CH^CONHpliciiyleiicCHjDTPA, -cH £ cp~ v sh or -ch 2 cn~~% m 

0^_SH SH 



2. The compound of Claim 1 characterized in chat Ri, R« orR n is -ch 3 cn sh qt 

o ! • A 

Vi SH 

i 

3. The ! compound of Claim L characterized in that Ri, Rg or Rn is 

i 

-(CH 2 ) 2 CO^HphenyleneCH 2 DTP A. 

■ ft ^ 

4. The iompound of Claim 2 characterized in that R 8 is — ch 3 cn sh or 
ft _i* o Uf i SH 

/ I 

O N *j! SH 



5. The ! compound of Claim 3 characterized m that R« is 
-(CH 2 ) 2 COljJHphenylcneCH2DTPA. 



6. The compound of Claim 5 characterized in rhat R 2 is -CK 3 and R s is -CH 2 CH 3 . 
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7. The Compound of Claim 1 characterized in that is -N-. 

Rio 

8. The Compound of Claim 7 characterized in (hat R tf is -N- where Ri 0 is hexyl. 

Rio 

9. A Technetium 99111 complex of the compound of Claim 2. 

1 0. An I^ditnn JI 1 complex of (he compound of Claim 3. 

j 

11. A GadolmiuTn(iTT) complex of the compound of Claim 3. 



12. The 



compound of Claim 9 characterised in that the compound is a Wm Tc 



bisaminoefhanethiol analog of HPPH. 



13. The iotnpound of Claim I 0 characterized in that the compound is a 1 1 'in aminophenyl 



DTP A anal<fjg of HPPH. 



14. The j compound of Claim 11 characterized in that the compound is HPPH- 

I 

Gd(IU)amhiophenylDTTA 



1 5. The Compound of Claim 1 1 characterized in that the compound is purpurin ) 8 imide- 
Gd(III)amii|ophenylDTPA, 



16, The | compound of Claim 11 characterized in that the compound is a 
Gd(ni)amiriophenylDTPA analog of bacteriochlorin. 
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17. A method for the preparation of the compound of Claim 14 characterized in that it 
I 

comprises: 

i 

hydrolizing methyl 3-(hcxyloxy)ethyl pheophorbide a with an aqueous solution of 

j 

LiOH, methjanol and tetrahydTofuran to obtain the corresponding carboxylic acid; 

i 

reacting the carboxylic acid with 4-aminophenyl DTPA penta-tert-butyl ester to 

produce thejtcrt-butyl atninophenyl DTPA analog; 

i 

reacting the DTPA analog with trifluoroacetic acid to convert the tertiary butyl groups 

i 

to carboxylijc acid groups; 

i 

reacting with a solution of Gadolinium hexahydrate. 



18* A msthod for the preparation of the compound of Claim 15 characterized in that it 
comprises: 

hydrilizing a methyl ester group of the hexylether derivative of N-hexyl 
purpurinirnide to the corresponding carboxylic acid; 

reacting the resulting carboxy purpurin imide with a solution of aminophenylDTPA 

penta-tert-bjityi ester; 

i 

reacting the resulting conjugate with trifluoroacetic acid to obtain a carboxylic acid; 

and 

reacting the resulting carboxylic acid with Gadolinium chloride to obtain the desired 

i 

compound, ! 
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19. A method for the preparation of the compound of Claim 16 characterized in that it 
comprises: 

hydrc genating 3 vinyl pxnprurinimide 7 to obtain mcso-N-hexyl-purpurin-1 8-imidc; 

reacting the meso-N-hexyl-purpuriu-1 8-imide with osmiurntetroxide, pyridine and 
H 2 S to obtaip vic-dihydroxybacteriochlorin; 

reacting the vic-dihydroxybacteriochlorin with sulfuric acid to obtain a 7- 
ketobacterio chlorin; 

hydrolizing a methyl ester group in the 7-ketobacteriochlorin to a carboxy group; 
reacting the carboxy 7-ketobacteriochlorin with aminophenylDTPA pcnla-tertiary 
butyl ester; 

reacting the resulting product with trifhioroacetic acid to obtain the corresponding 
carboxylic dcid DTP A analog; and 

reacting the carboxy DTPA analog with Gadolinium chloride to obtain the desired 



compound 



20. A rn^iod for the preparation of the compound of Claim 12 characterized in that it 
comprises: 

reacting HPPH with amkiobiscthanethiol to obtain a thioprotected HPPH conjugate; 
reacting the conjugate with triethylsilane and TFA to deprotect the thiols; and 
reacjtxg the conjugate with deprotected thiols with 99o *Tc pertechnatate reduced by 
Sn(II) glucoheptonate to obtain the desired compound. 
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21. A method for the preparation of the compound of claim 12 characterized in that it 
comprises: 

reacting HPPH-aminqphenylDTPA with 111 ln(in)chloride to obtain the desired 
i 

compound. 
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Fig. 1 



Baseline (teft) and 24-hour post-injection images (right) of a tumor-bearing rat. Contrast 
medium wajs Magnavits - the standard, commercially-available agent. Tumor area of interest 
"1" revealed no signal enhancement, visually or quantitatively. 
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Fig. 2 



Baseline (lift) and 24-hour post-injection images (right) of a rat Con*** 

medium was Gd-HPPH Area of interest "3" increases markedly, from 62j to 881. The 
2££ s^uVbo^ visuaUy as well as quantitatively. Note that the signal enhancement » 
^ rSKS to tenor to if unchanged (1998 goes to 1939), and muscle enhancement ,s 



minim al 
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C02CH 3 £ 

Fig. 3 



In vivo measurement of tumor (---) vs nmsde (— ) uptake by in vivo reflection spectroscopy 
in a mouse tearing a RTF tumor. 
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Fig. 4 
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Fig. 6 
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Fig. 7 




Fig. 8 
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HsC 2 H 3 C K OH 

.OH 




cp 2 CH 3 Hexyl 



o | 
C °2 CH 3 Hexyl 

17 



° I 
C0 2 CH 3 Hexyf 



H 3 C 
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aq. UOH 
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C02CH 3 Hexyl 
DESIRED COMPOUND 
20 



AND 




H 3 C 



CH 3 
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CO2CH3 Hwy1 

19 



ipCC/DMAP 




Fig. 9 



(« 6 ) J01-335578 (P2001-3 3&S 



HN SCPh 3 
HN V ^SCPh 3 
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Fig. 10 



HN 



24 




Me 



Fig. 11 
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Fig. 12 
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Fig- 13 
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CONHR 3 

SERIES 1 



N 2 S 2 iigandiTechnetiurn^^Tc) complex] 



AminophenylDTPA Tndiuin( ,u In) 
complex 



Amino phenyl DTPA Gadolinium[Gd(III)] 
complex 



Fig. 14 

Rj « phenyl-CHr-BTPA or N 2 S 2 conjugates 

R = ^CH2)n-DTPA or NjS* conjugates 

R and R t - Substitucnts with variable liphophiilcity 




CHi 



SERIES 2 




N 2 S 2 UgandtTecbnetinmC^c) complex] 



*• AminophenylDTPA Indium( ni In) 
complex 

Aminophenyl DTPA Gadolinium [Gd(IH)| 
complex 



Fig. 15 



Rj « phenyl-CHj-DTPA or N 2 S 2 conjugates 

R = -<CH 2 )n-DTPA or N 2 S 2 conjugates 

R and Ri - Substituents with variable liphophillclty 



(BO) J01-335578 (P2001-3 



HnC 




C 2 Hs 



■CH 3 



N 2 S 2 Ugand[Technetium( 99,n Tc) complex] 




SERIES 3 



AminophenylDTPA Indimn( m In) 
complex 

Aminophenyl DTP A GadoIinium[Gd(III)J 
complex 



Fig- 16 

« phenyl-CHi-DTPA or N 2 S 2 conjugates 
R = -(CH^n-DTPA or N 2 S 2 conjugates 
R and R t - Substitueuts with variable Iiphophilicity 




N 2 S 2 Ugand[Technetium(* 9ni Tc) complexj 



* AminophenylDTPA IndlumC 1 n In) 
complex 



Aminophenyl DTPA Gadolinium [Gd(m)J 
complex 



Fig. 17 



Ra - phenyl-CHj-DTPA or N 2 S 2 conjugates 

R = -(CH^n-DTPA or N Z S 2 conjugates 

R and R t = Substttuents with variable Uphophlllclty 
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ABASTRACT OF THE DISCLOSURE 
Compositions that are chemical combination of porphyrins, chlorins, bacteriochlorins, 
and related] tetra-pytrolic compounds with radioactive elements such as Technetium", 
Gadoliniumi Indium 11 1 and radioactive iodine. When the element can form cations, the 
compound is usually a chelate with the porphyrin or chlorin structure. When the element 
forms anions, the compound is usually a direct chemical combination of the radioactive 
element into the porphyrin or chlorin structure. The invention farther includes the method of 
using the clompounds of the invention for diagnostic imaging of hyperproliferative tissue 
such as tumjors and new blood vessel growth as is associated with the wet form of age related 
macular degeneration and methods of making the compounds. Compounds for MR! contrast 
imaging of the invention are usually Tc w , In 111 or GdCDT) complexes of compounds of fee 
formula: 
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